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ABSTRACT 

Crustal Evolution Education Project tCEEP) modules 
were designed to: (1) provide students with the methods and results 
of continuing investigations into the composition, history, atid 
processes of the earth's crust and the application of this knowledge 
to man's activities and (2) to be* used by teachers with little or no 
previous ^background in the modern theories of sea-floor spreading, 
continental drift, and plate tectonics. Each module consists of two 
booklets: a teacher's guide and student investigation. The teacher's 
guide contains all of the information present in the student 
investigation booklet as well as: (*1) a general introduction; (2) 
prerequisite student background; (3) objectives; (4) list of required 
materials; (5) Jbackground information; (6) suggested approach; (7) 
procedure, including number of 45-minute class periods suggested; (8) 
summary questions (with answers); (9) extension activities; and (10) 
list of references. Du-rincj the two-three recommended class periods, 
students determine rate of crustal plate movement during periods of f 
geologic time, interpret areas representing flooding and draining of < 
continerLfcs using a graph of sea level changes, determine effects of 
sea levSL change on evolution and extinction, and, describe relative 
amount of stress, and former environmental conditions tba\existed at 
the time sediments were deposited. (Author/JN) * , 
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Crustal Movement: 

A Major Force In Evolution 



INTRODUCTION mm^^^s^ssmsssss^asa^ 

Fossils in rocks show that many different 
organisms lived in the geologic past At times 
the fossils in rocks show that these organisms died 
out rather suddenly and were then replaced, 
by new forms. What could have been the reason 
for such rapid changes 7 

Charles Darwin published a bookt)n The Origin 
Of Species in 1859 This book explained l&arwm's 
theory of haw evolution occurred The theory 
of evolution explains the stages and forms v - 
of development that animals and plants have\gone 
through during geologic time The fossil record ^ 
supports the theory of evolutron The fossil rfec'ord 
shows the remains or traces of once-ltviag 
organisms found in sediments However, the 
fossil record does not show how evolution works 
Darwin said that evolution is caused by changes 

PREREQUISITE STUDENT* BACKGROUND 

An understanding of the influence thaj the 
lengthening and swelling of the mid-ocean ridge m 
has upoh sea level fluctuations is an essential 
prerequisite for this activity. The module, Why 
Do4s Sea Level Change?, would be helpful prior 
to this module. Graph interpretation, division' ' 
and conversfbn of metric units are essential skills 
for the activities. 

OBJECTIVES ■ * -; 

After you have completed these activities, you 
should be^ble to \- 

1. Determine the rate of crustal plate movement >■ 
during periods of geologic time 

2. Interpret areas that represent flooding and 
draining'of continents, using a graph of sea level.- 
changes 

3, Determine the effects of sea level change^on 
evolution and extinction. 

4, Describe the relative amount of stress and 
former environmental copditions'ihat existed 

at the time the-sediments were deposited,, using 
a model "rock column." " J * 

MATERIALS 

Metric rulers 



in the environment When the environment 
changes, it puts stress on the organisms Over a 
period of many generations the organisms either 
adapt to the change in the environment or 
3ie out. When all of one kind of organisms dies, 
it is Called extinction. * / 

In the fossil record, eahh scientists can see % • 
periods of relatively rapid evolution, then periods 
of extinctions followed byjrapid'evolution Sucti ^ 
. relatively rapid changes in rihe fossil record 
present a problem No one knows the reason for 
these changes Such things as river floods, 
volcanic eruptions or earthquakes are too local 
and short-livect to be the cause There must be a 
much greater or even worldwide force for 
evolutionary change What can that force be 7 
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BACKGROUND INFORMATION # 

Fossils, the preserved remains or traces of % / 
animals or plants, have revealed much affout: 

a. the age of the sediments and rocks that 
contain them. 

b. the succession of life development (evolution 
that animals and plants have gone through during 
geologic time). ^ 

c. changes in th'e type of environment a'nd 
geographic setting th'rough geologic time. 

Since the publication of Charles Darwin's On The 
. Origin Of Species in 1859, the theory of evolution 
has gained geheral acceptance among scientists 
and is supported by the fossil record. However, 
the fossil record does not show how evolution 
works. Darwin said that-evolution is caused by the 
physical, chemical and biological factors of 
the environment or "natural selective forces/' 
When the environment places stress on a group 
(e.g., species) of organisms, they must eventually 
adapt to the changes in the environment or 
their kind will become extinct. "j 

Plate Tectonics and the Cretacepus Period: The 
theory of plate tectonics, developed from ideas 
of continental drift published by Alfred Wegener 
in 1915, states that the outermost spherica^ 
^hell of the earth is made up of about a do2te*w- 
rigid plates. Some of these plates b§ar continents/ 
The surface of the earth is changed when these 
plates move. Plates are created by cnagma rising 
from the mantle of the earth upward to the 
mid-ocean ridges. Here the magma spreads away 
from the ridges, cools off and becomes solid 
*and rigid. The plate edges. become reabsorbed 
during subduction in deep sea trenches. For the 
past 200 million years, ocean basins have been 
created repeatedly by the process of sea-floor 
spreading, where plates separate. The sea-floor 
spreading and consequent widening of the 
Atlantic Ocean were not one single continuous 
event but irregular pufs&tionsi 



During times of rapid plate movement, the 
mid-ocean ridges swell outward, which causes 
a rise in sea level. During times of little or no plate 
movement, the ocean ridges contract $nd a 
lowering of sea level results. Swelling ocean 
ridges have the same effect on the ocean as a rock 
placed in a glass of water. They cause the ocean 
level to rise just as the rock causes the water level 
to rise in the glass. Alternating with periods 
of rapia sea-JJoor spreading, or plate movements, 
were quiet periods when plate movements 
slowed or stopped, phis quiet period allowed 
1 the ocean ridges to contract, causing the sea level 
to lower. This had the stftne effect as taking the 
rock out of the glass of water, which lowers the 
water level in the glass. In the Cretaceous there 
were at least nine periods of rapid sea-floor 
spreading accompanied by rapid rises in the 
sea level. This was followed by quiet periods of 
plats movements causing the sea level to fall. 
Many scientists believe the sea level may Have 
changed as much as 500 meters several times 
during the past 200 million years. At times 
extensive areas of what is now the United States 
were under sea water. Even th& Appalachian 
Mountain area might have been covered by 
the sea. 

These movements in Jtie earth s crust are now 
believed to cause massive changes in the earth s 
environment. r Jhese changes strongly affect the 
evolutionary history of organisms. Plate tectonics 
cduld well be a universal force that Explains 
the different rates of evolution. Evidence of a 
direct connection between plate tectonics 
history and major evolutionary events can be 
seen in Cretaceous rocks. The Cretaceous Period, 
which lasted 70 million years, was a time of 
active plate movement and rapid evolution, 
during whlcR.there were abrupt appearances and 
extinction of organisms. From evidence based 
on times of rapid reversals in the earth's magnetic 
field, the history of the Atlantic Ocean is 
revealed. In the early part of 1he Cretaceous, 
135-100 million years ago (m.y.a.), the northern 
and central part of the Atlantic Ocean w^s 
narrowly open, but the ocean was still closed to 
the south between Africa and South America, 
in the middle and late part of the Cretaceous, 
100-65 m.y.a., there was widespread and periodi- 
cally rapid sea-floor spreading at the Mid-Atlantic 
Ridge. This is the boundary between the Eurasian 
and American plates. The Atlantic Ocean was 
broadened to nearly 75 percent of its present size, 
and the southern part of the Atlantic Ocean was 
formed between Africa and South America 
during this period. 
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SUGGESTED APPROACH 
This activity provides an opportunity for students 
to examine some of the implications of sea-level 
change caused by crustal movement. It is 
essential that students have an understanding 
of the concepts developed in the module, Why 
Does Sea Level Change?. It is suggested that this 
module be supplementary or excursionary for 
the more*able students or dlasses. Students should 
work independently or in small grAm>s on this 
activity; independent analysis and interpretation 
of data should be encouraged. In order that 
students can understand for themselves the basic 
mathematics required in Worksheet 1, you 
should avoid providing too much instruction foP 
completing the Worksheet. However, you should 
monitor closely the procedures students are 
using in orde>; to provide assistance if difficulties 
arise in metric unit conversions (last column). 



PROCEDURE 

PART JK How fast do'ocean.plates move 7 
In this part students determine the amount of 
crustal plate movement that has occurred during 
seven intervals of geologic time^This movement 
is related to sea level changes during the 
Cretaceous Period. Rising and falling of sea level 
cause flooding and draining of continents. 
Key ( words: evolution, fossil record, extincti^p 
Time required: one 45-minute period 
Materials metric rulers 



Actual data is used for WorKsheets 2 and- 3. 
When the extinction -lines qnd origin lines are 
drawn upward to the sea level graph, the lines are 
not'100% related to sea level rise and fall ^ 
Rather, a tendency exists for the extinction and 
origin lines to occur in certain positions. The * 
point is that scientific data generally suggests 
things, rather than proves things. This should be 
brought out in a post-lab discussion. 

It is a* relatively recent concept that environ- 
mental stress is caused by changes in sea level, 
In this wa^sea level changes influence the 
evolution of x>rgani$ms. It Is importaht to tell 
students that many aspects of this concept 
ere being further refined through new Information 
similar to that presented in the activity. This is 
the self-revising aspect of science and the funda- 
mental reason why scientists are always seeking 
' newMnformation and new understandings. 
Theories and neWljdeas provide a place to begin 
and are vital to tfp total journey of knowledge. 



In a previous activity you may have learned how 
the rate of sea-floor spreading is believed to 
affect sea level During times of rapid plate 
movement, the mid-ocean ridges sweltupward 
and outward, causing a rise in sea level In times 
of little or no prate movement, the ocean ridges 
sink and sea level falls 

By determining the age of sediments, scientists 
have been a*ble to measure the distance plates 
have moved during various periods of geologic 
time 




.1. Figure 2 shows the distance the- North 
American plate and the African and Eurasian * 
plates spread apart during the past seven intervals 

, of geologic time Complete Worksheet 1 to 
determine ^hat interval of time had the most 
active plate movement. Metric rulers must be used 
on Figure 2, 1 cm = 1000 km. 



Note: The calculations completed In the table are 
only approximations. The map scale is such that 
a high degree of variability in answers can be 
expected. The general trend and calculations by 
which movement/year is determined are the 
impoVtant*aspects of this activity. ' 
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Figure 2 Mfep showing the distances crustal plates have moved away from the Mid-Atlantic Ridge 
during the pas>190 million years (Modifier from Lamont-Doherty Geojogical Observatory, , ~ * 
Columbia University 1974 ) . "r V, ' 
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Column No 1 



Rate of Movement of Crustal PJafes Along the Mid-Atlantic Ridge 



Geologic , Duration, of 
time geologic 
i interval time 

interval 

. 0 in millions 

of yuars 
(from col 1) 


Amount of movement measured 
; along line A-B during 
geologic time intervals 


m Average rate Average rate of 
of movement In , movement 
a- rntthon years in one year* > 
t Remember .1 km 
col* 5 - col 2 ■ 100,000 cm 

i 

. — . _ * .... „ 


1 

West of 
ridge 


East of 
ndge 


Ave rage * 
cpl 3-4 
- 2 


Pliocene to Recent k \ 

0-5 m y a 5 m y 


100 kfn 


100 km 


100 km 


. *20 km/m y » 2'00 cm/yr 


Miocene ! 

5-23 m y a_ 18 m y 


200 km* 


130. km*" 


16j5 krrj 


9:2 km/m y .92 cm/yr 


Ohgocene 

23-38 mya \ 15 m y 


250 km 


250, km 


250 km 


J6.7 km/m y 1.67 cm/yr 


Eocene 

38-53 mya j 15 my 


380 km 


* # 300 km 


340 km 


22.7 kWm y 


^.27 cm/yr 


Paleocene 
53-65 m y a 


12 m y 


300 km 


250 km 


275 km 


Z2& km/m y 


2.29 cm/yr 


Cretaceous 
65-135 m y a 


70 m y 


1900 km 


1600 krft 


1750 km 


25 km/m y 


2.50 cm/yr 


Jurassic '* 
135-180 my a 


♦ 45 m y 


1160 km 


500 km 


— 830 km 'v 


♦ 18.4 km/m y 


1.84 cm/yr 



2. .During what interval of geologic time did the * 
Atlantic Ocean begin to open? 

The Atlantic 'Ocean can'be .interpreted to have 
opened during'the oldest time interval shown in • 
Figure 2, the Jurassic Period (180-135 m.y.a.). ' 
This is because these are the oldest rocks to 
J>e found on the ocean bottom, and these rocks 
occur along both continental margins. 

3. During which of the intervals of geologic time 
was the slowest plate movement? 

In the Miocenfe there was an average movement 
, of less than 1 cm/yr. 

4. During which of the'mtervals of geologic time, 
was the fasfest plate movement 9 

The Cretaceous Period; an average rhovement 
of 2.5 fcm/yr. . L 

As you have seen, the Cretaceous Period was a 
time of active plate movement This movement 
was notalways continuous and steady but 
occurred in 'spurts" There were times of rapid 
plate spreading and ocean ridge building and ^ 
swelling There~were also quiet times when plate 
movement slowed and'ocean ridges contracted 
Geologists have identified at least nine major 
rises and falls of sea level by studying ocean ^ 
sedimentation patterns that occurred during the 
^Cretaceous Period 

5. Look at the graph ir* Figure 4 Write the^ord 
"rising" on the graph where the line shows 

seji level rising Write the word 'failing" on the 
graph whefre the line shows sea level falling 




a Low sea levef 




b High sea level 

Figure 3 Sedimentation pattern for high and low 
sea level today 

6. Did the sea level rise or fall during times of 
rapid plate movement 7 

Toe sea level rose. 

7. Did the sea level rise or fall during times of 
slow plate movement 7 

The sea level fell. 
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Fiaure 4 Graph shows the $se aad fall of sea level during the Cretaceous Period 
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PROCEDURE ^ 

PART B How dives the change in sea level affect 
the organisms? • 

Students are exposed to the idea of how changes 
in sea level rejate to environmental stress. 
Extinction and origin data obtafined from 
Cretaceous cephalopods^re analyzed in relation 
to sea levei changes. The students then interpret 
a stratigraphic column for changes in ^ea level 
and environmental stress. 

Key words: environmental stress, cephalopods, 

origin curve, extinction curve 

Time required: one 45-minute period 



Materials: metric ruter 



v 
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You have seen how movement of the crustal 
pieties away from the ocean ridges is believed to 
have caused changes in sea level Not'only was ■ 
theeppearance of the earth's surface affected, 
but sea level shif)6 also caused great changes 
in world climates. 

During times of higher sea levels,' coastal plains 
and inland depressions became shallow seas 
. Changes in the seasons became more moderate. 
Higher sea levels produced atnore uniform, warm 
and moist climate. (Sefe Figure 5 ) ^ 

Lower sea levels drained coastal and inland seas. 
More land area was exposed and there were 
changes in ocean currents which distribute 
heat around the world. A cooler and "3rier ciimatfe 
resulted (See Figure 5.) 




\ 



Figure 5 Changes in the se£ level can (a) flood or (b) dram the continents, creating moderate 
or extreme climates * * 
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Changes irusea level and climate caused stress 
on the organisms that lived in the oceans. To 
help understand the idea of environmental stress, 
think of the following situation 
You'tiave two fish tanks. One fish tank you keep 
on a window ledge. The water gets quite warm 
during the day when the sun is shining in, and it 
getscool at mgty because it is close to the window. 
Also, you allow the water level to get very low, 



and then you fill the tank to the top You are 
allowing the water level to change constantly 
(See Figure 6.) ' • 

The other fish tank you keep in the center of the 
room. It always getsXhe same amount of light, 
anfJ it stays at a comfortable room temperature 
throughout the year You ar;e careful not to allow 
too much Water to evaporate before you bring 
it back up to level (See Figure 6 ) 
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a. Changeable conditions 





b. Constant conditions. 



Figure 6 Environmental conditions 
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1. Which tank involves more stress on the 
organisms'? 

The tank in Figure 6a will involve more stress on 
the organisms. The environment would go from 
shallow, warm water to deep, cold water. 

2. Which tank will have the more stable 
.environment? 

TJie tank in Figure 6b willhave the more stable 
environment. With a consistent depth and light 
source, the water environment would have.a 
stable temperature. 

Recent studies have shown that there is a link 
between evolution and environmental stability. 

(Sephalopods (sef'-uh-la-pahds) are marine 
organisms that were common in the ocean during 
^the Cretaceous Period See Figure 7 The graph in 
Worksheet 2 shows the nuVnoer of*cephalopod 
groups that came into existence during the 
Cretaceous period This graph is called an origin 
curve. The drawing at the top of this graph shows 
how the sea level was changing during this time 

Draw a straight hne'from each peak marked 'O' 
on the origin graph upward to the' sea level 
line (Make certain that* your straight lines are 
pcu-alle! to the first solid line that has already 
been drawn ) 

3. When „do most of the peaks in the origin curve 
occur, during sea level rise or sea level falP 

Origin curve peaks show a preference for inter- 
vals of sea level rise or flooding. Of the ten x 
origin peaks, six occur during times of maximum v 
or rising sea level. 

The graph in Worksheet 3 shows the number of 
cephalopod groups that became extinct during 
the Cretaceous Period This graph is called an 
extinction curve. Draw a line from each peak 
marked I X" on the extinction curve upward to the 
sea level line Agam^make certain that these 
lines are parallel to the first line that has been 
drawn 




4, Do most of the peaks in the extinction curve 
occur during sea level rise or sea level fall? 
Extinction curve peaks show a presence for 
times of §ea level fall or draining. Of the eight 
extinction curve peaks, six show a tendency * 
to be located at times of falling sea level. Three 
x>ccur very.close to the time of maximum recession. 

5, How do you think the origin and extinction 
of the ceRtialopods are related' to sea level 
changes 9 (Spend some time v thinkwng of all 
possibilities.) ' 

The.c£plTalopods lived op the continental shelves 
and* moved into the interior lowlands as the ocean 
expanded. Conversely, both evolutionary rates 
and extinctions increase as the environmental 
stresses increase during periods of sea level 
fall. The number and size of marine fiabitats 
decrease as the competition for food and living 
space increases. The climates become more 
variable and many kinds of organisms die. 

Mafly of the evolutionary events during the 
Cretaceou^can be directly related to plate 
tectonics. Trfe same can probably be said about* 

other geologic time^periods. 

ft 

During sea level rise, the rates of evolution are 
slow, but the size and diversity of marine popula- 
tions gradually increase. Environmental stresses 
are few, and the forces of natural selection are 
low. This is because the climate becomes 
generally warmer and less seasonal ovet the entire 
globe. There is also more ocean space in which 
the marine organisms can exist. 

Worksheet 4 shows a 'model of a, column of 
sediment that*was deposited during the Cre- 
taceous Period The oldest laye^fe at the bottom, 
the youngest layer is at the top 

From the fossils and the type of sediment, you 
can teil much £bout the environment during the 
time the sedifnents were deposited 

6, From what you have learned in this activity, 
label each sejfcment unit on Worksheet 4 as ^ 
representing Pediment deposited during either 
rising or famna sea level. Start at the bottom ^ 
unit, A N andfaurk upward to E. (Ateo see frgure^.) 
See Answer Sheet 4. 

7, From.wha^you have learned in this activity, 
label each^sediment unit as showing a period of * 
either high or low environmental stress for the - 
organisms. 

Note that units B and D were times of transition. 
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re 7. Cephalopod shells 



8. Which sediment units show increasing rate 

of extinction? * ^ 

. Going from units A through E, extinction 
increased during deposit of units B and C. 

9. Which sediment units show increasing rate 
of evolution?/ 

Going from units A through E, evolution 
increased during deposit of units C and E. 

SUMMARY QUESTIONS ^ ^ - 

1. Expla'irf how-sea level changes can be caused 
f by crustal movement. 

Movement of crustal plates away from ah ocean 
.ridge is, hot always constant. At times the move- 
ment is relatively rapid, and at other times 
the movement is relatively slow. During times of 
more rapid plate movement, the mid-ocean ridge * 
swells outward, raising sea level several 
hundred meters. 

2. ExplainTiow changes in sea level can affect 
worldwide climatic donditions 

During times of higher sea levels, large portions 
of the continents are flooded. C^angesin the 
Seasons are more moderate and uniform; warm 
moist climates prevail. Lower sea levels drain 
large portions of the continents and there are 
changes in the oceari currents which distribute 
heat around the world. A cooler, drier climate is 
produced. ■ y 

3. Explain how crustal movement could be a 
worldwide forc^for evolutionary change, 
Crustal movement influences sea level. When 
crustal movement is relatively*rapi# sea level is 
high; when crustal jnovement is slow, sea level 
is lower. This in turn has*an influence on 
worldwide climatic conditions, which in turn 

. create high or low environmental stress on 
organisms. During initial intervals of high 
environmental stress (lowering of sea level), *many 
kinds of marine organisms become extinct. On 
the other hand, during periods of low envko/i- 
mental stress (bigh sea level) many new kinds 
of marine organisms come into existence* 
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Crustal Movement: 

A Major Force In Evolution 



INTRODUCTION 

Fossils m rocks show that many different 
organisms lived. m the geologic past At times 
the fossils in rocks show that the.se organisms died 
ou4 rather suddenly and were then replaced ^ 
by new forms What could have been the reason 
for such rapid changes 7 

Charles Darwin published a book On The Origin 
Of Species m 1859 This book explained Darwin's 
theory of how evolution occurred The theory 
of evolution explains the stages and forms 
of development that animals and plants have gone 
through during geologic time. The fossil record * 
supports the theory of evolution. The fossil recora 
* shows the remains or traces of once-ltvmg 
organisms fouhd in sediments. However, the 
fossil record does not show how evolution works. 
Darwin said that evolution is caused by changes 
in the environment When the environment 
changes, it puts stress on the organisms. Over a 
period of many generations the organisms either 
adapt to the change in the environment or 
die out When all of one kind of organisms dies, 
it is called extinction* ' 



In the fossil record, earth scientists can see 
periods of relatively rapid evolution, then periods 
of extinctions followed by rapid evolution Such 
relatively rapid changes in the fossil record 
present a problem No one knows the reason for 
these charrges. Such things Vis river floods, 
volcanic eruptions o^earthquakes are too local 
and short-lived to belhe cause. There must be a 
much greater or even worldwide force for 
evolutionary change Wh&t can that force be 7 



OBJECTIVES 

After you have completed these activities, you 
should be able to' 

1. Determine the rate of crustal plate movement 
during periods ofgeologic time. 

2. Interpret areas that represent flooding and 
draining of continents, using a graph of sea level 
changes. 

, 3. Determine the effects of sea level change on 
evolution and extinction. 
4. Describe the relative amount of stress and 
former environmental conditions that existed 
at the time the sediments were deposited, using 
♦ a model "rock column." 
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PROCEDURE 

PART A. How fast do ocean plates move? 

Materials; metric rulers 

In a previous activity you may have learned how 
the rate of sea r floor spreading is believed to 
affect sea level. During times of rapid plate 
movement, the mid-ocean ridges swell upward 
and outward, causing a ris^ in sea level. In times 
of little or no plate movement, the ocean ridges 
sink and sea level falls. 



1. Figure 2 shows the distance*the North 
Arfierican plate and the African and Eurasian 
plates spread apart during the past seven intervals 
of geologic time. Complete Worksheet 1 to 
determine what interval of time had the, most 
active plate movement. Metric rulers must be used 
on Figure 2; 1 cm = 1000 km. 

2. During what interval of geolojprc time did the 1 
Atlantic Ocean begin to open? 




Mid-ocean nctge 



Ridge tnacttve low sea level Ridge becoming active rising sea level 

Figure 1 Swelling along the mid-ocean ridge causes a rise in sea level 



Ridge active high sea level 



r 



By determining the age of sediments, scientists 
have been able to measure the distance plates 
have moved during various periods of geologic 
time 



3. During which of the intervals of geologic time 
was the slowest plate movement? 



4. During which of the intervals of geologic time 
was the fastest plate movement 7 
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F.aure 2 Map show.ng the d.stances crustal plates have moved away from the M.d-Atlant.c R.dge 
durmg L past 190 mShon year? (Mod.fted from Lamont-Doherty Geological Observatory, 
Columbia University, 1974.) 
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Rate of Movement of Crustal Plates Along the Mid-A1 
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As you have seen, the Cretaceous Period, was a 
time of active plate movement. This movement 
was not always continuous and steady but 
occurred ;n "spurts'*. There were times of rapid 
plate spreading and ocean ridge building and 
swelling. There were also quiet times when plate 
movement slowed and ocean ridges contracted. • 
Geologists have identified at least nine major 
rises and falls erf sea level by studying ocean 
sedimentation patterns that occurred during the , 
Cretaceous Period. 

)S. Look at the graph in Figure 4/ Write the word/ 
Vising" on the graph where the line shows 
sea level rising. Write the word "falling" on'the 
graph where the line shows sea level falling. 

6. Did the sea level rise or fall during times of 
rapid plate movement? 



7. Did the sea level rise or- fall during times of . 
slow plate movement 7 




Sand f \ 
Gravel [y^>J 



a Low sea level 




b High sea level 

Figure 3 Sedimentation pattern for high and low 
sea level today 



Sea fe^ei 




Early Cretaceous 
135 million yrs ago 



Late Cretaceous 
^ 65 million yrs ago 



Figure 4 Graph shows the rise and fall of sea level during the Cretaceous Period 
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PROCEDURE 



PART B. How does the change in sea level affect 
the organisms 7 

Materials, metric ruler 

You have seen how movement of the crustal . 
plates away from the ocean ridges is believed to 
have caused changes in sea level. Not only was 
the appearance of the earth'ssurface affected, 
but sea level shifts also caused great changes 
in world climates. 



During times of higher sea levels, coastal plains 
and inland depressions became shallow seas. 
Changes in the seasons became more moderate. 
Higher sea levels produced a moce uniform, warm 
and moist climate. (See Figure 5.) 

Lower sea levels drarned coastal and inland seas 
More land area was exposed and there were 
changes in ocean currents which distribute 
heat around the world. A cooler and drier climate 
resulted. (See Figure 5 ) 








Figure 5 ChangesMn the sea' level can (a) flood or (b) drain the continents, creating moderate 
or extreme climates 



Changes in sea level and climate caused stress 
on the organisms that tived in the oceans. To 
help understand the idea of environmental stress, 
think of the following situation: 

You have two fish tanks/One fish tank yOu keep 
on a window ledge The water gets quite warm 
dunYig the day when the sun is shining io, and it 
gets cool at night because it is close to the window 
Also, you allow the water level to get vecy low, 
and then you fill the tank to the top. You are 
allowing the water level to changfc constantly. 
(See Figure 6.) 

The other fish tank you keep in the center of the 
room. It always gets the same amount of light, 
and it stays*at a comfortable room temperature 
throughout the year. You are careful not to allow 
too much water to evaporate before you bring 
it back up to level. (See Figure 6.) 
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1. Which tank involves more stress on the 
organisms? 

4 



2. Which tank will have the more stable 
environment? 



5 
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a Changeable conditions 





b. Constant conditions 



Figure 6 Environmental conditions 

Receht studies have shown thai tfiere is a link 
between evolution and environmental stability 

Cephalopods (sef'-uh-la-^ahds) are marine 
organisms that were common in the ocean during 
the Cretaceous Period See Figure 7. The graph in 
Worksheet 2 shows the number of cephalopod 
• groups that came into existence during the 




Cretaceous Perkid^ This graph is called an origin 
curve. The drawing *at the top of this graph shows 
how the sea level was, changing during this time 

Draw a straight line from each peak marked "O." 
on the origin graph upward to the sea level 
line. (Make certain that your straight lines are 
parallel to the first solid line thaf has already 4 
been drawn.) 

3. When do most of the peaks in the origin curve 
occur, during sea level rise or sea level fall? 
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gure 7, Qephalopod shells 
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Earl/ Cretaceous 
*35 million yrs ago 



Late Cretaceous 
65 million yrs ago 
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•Thisi>rigin curve graph showsJhe number of ceptialopod groups that came into existence 
'during the Cretaceous Period. The line graph at the top shows the sea level changes during this 
time (Modified from Kaufman, 1976.) 
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Early Cretaceous 
135 million'yrs ago 



Late Cretaceous 
65 million yrs ago 



This extinction curve graph shows the number of cephalopod groups that became extinct during 
the Cretaceous Period The line graph at the top shows the sea level changes during this time. 
(Modified from Kaufman, 1976.) 



The graph in Worksheet 3 shows the number of 
cephalopod groups that became extinct during 
the Cretaceous Period. This graph is called an 
extinction curve. Draw a line from each peak 
marked "X" on the extinction curve upward to Jthe 
•sea level line. Again, make certain that these 
lines are parallel to the first line that has been 
drawn. 

4 V Do most of the peaks'm the extinction curve 
occur during sea level rise or sea level fall 7 



5. How do you think the origin and extinction 
of the cephaiop'ods are related to sea level 
changes 7 (Spend some time thinking of all 
possibilities,) 



Worksheet 4 shows a model of a column of 
sediment that was deposited during the Cre- 
taceous Period. The oldest layer is at the bottom; 
the youngest layer is at the top. 

From the fossils*and the type of sediment, you 
can tell much about the environment during the 
time the sediments were deposited. 

6. From what you have learned in this activity, 
label each sediment unit on Worksheet 4 as 
representing sediment deposited during either 
rising or falling sea level. Start at^e bottom 
unit, A, and vyork upward to E. (Also see Figure 3.) 

7. From what you have learned in this activity, 
label each sediment unit as showing a period of 
either high or low environmental stress for the 
organisms. 



8. Which sediment uni4s show increasing ratq. 
of extinction? 

j 



9. Which sediment units show increasing rate 
of evoluti<fn?t 



SUMMARY QUESTIONS 

1. Explain how sea level changes can be caused 
by crustal movement. 



3. Explain, how crustal movement^Duld be a 
worldwide force for evolutionary change. 



2. Explain how changes in sea level can affect 
worldwide climatic conditions. « 
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